Recent observations of long and short gamma-ray bursts have revealed a puzzling X-ray activity that in some cases continuous until hours after the burst. It is difficult to reconcile such time scales with the viscous time scales that an accretion disk can plausibly provide. Here I discuss the accretion activity expected from the material that during a compact binary merger coalescence is launched into eccentric, but gravitationally bound orbits. From a simple analytical model the time scales and accretion luminosities that result from fallback in the aftermath of a compact binary merger are derived. For the considered mass range double neutron star binaries are relatively homogeneous in their fallback luminosities, neutron star black hole systems show a larger spread in their fallback behaviour. While the model is too simple to make predictions about the detailed time structure of the fallback, it is expected to make reasonable predictions about its gross properties. About one hour after the coalescence the fallback accretion luminosity can still be as large as ∼ 10 45 erg/s, a fraction of which will be transformed into X-rays. Large-scale amplitude variations in the X-ray luminosities can plausibly be caused by gravitational fragmentation, which for the high-eccentricity fallback should occur more easily than in an accretion disk.
INTRODUCTION
Recent observations by Swift and Hete II have confirmed the long-held suspicion that short GRBs have a different central engine than long bursts: they occur at systematically lower redshifts (Fox et al. 2005) , between ∼ 0.1 and ∼ 0.6, in galaxies with (Hjorth et al. 2005 ) and without star formation (Berger et al. 2005; Barthelmy et al. 2005) , the emitted gamma-ray energy is substantially lower compared to long bursts (Soderberg et al. 2006) and no supernova explosion seems to accompany the burst (Bloom et al. 2006; Hjorth et al. 2005; Fox et al. 2005) . These observations are naturally explained by the most popular central engine for short bursts, the coalescence of a compact binary system (Blinnikov et al. 1984; Eichler et al. 1989; Paczyński 1991) . The observations, however, also revealed long-lasting X-ray activity after the main gamma-ray emission phase for about half of the bursts (Burrows et al. 2005; Nousek et al. 2006; O'Brien et al. 2006) . This X-ray flaring is considered a challenge to most models of short GRBs. Several possible explanations have been suggested (e.g. MacFadyen et al. 2005; Zhang et al. 2006) , one of them is the fragmentation of the outer parts of an accretion disk due gravitational instabilities (Perna et al. 2006) . In this letter I discuss the X-ray signature from fallback material in the aftermath of a compact binary merger. A fraction of the debris material is launched a into eccentric orbits and, at some later time, falls back towards the central remnant. For this material the time scales are not set by viscous disk time scales, but instead by the distribution of eccentricities within the fallback material which is a result of the torques that acted during the merger process. This naturally leads to time scales much longer than usual disk time scales.
A SIMPLE ANALYTICAL MODEL
The question of fallback time scales is addressed by means of a simple analytical model whose initial conditions are taken from a set of recent, three-dimensional smooth particle hydrodynamics (SPH) calculations of the merger of both double neutron stars (DNS) and neutron star black hole (NSBH) systems. The details of the input physics and the numerical techniques are described elsewhere (Rosswog & Davies 2002; Rosswog & Liebendörfer 2003; Rosswog 2006 ). Here we only summarise the main physical parameters of the calculations, see Tab. 1. A few tens of milliseconds after such a binary encounter the remnant consists of the following parts: a central object (either a neutron star-like object or a black hole), a disk, some material flung into eccentric orbits, but gravitationally bound to the remnant ("fallback material") and some dynamically ejected debris material. The details of the geometry depend on the type of system (DNS or NSBH) and on the mass ratio. As an example, Fig. 1 shows the matter distribution 22.3 ms after the merger of a 1.1 and 1.6 M⊙ DNS system. Restricted by the Courant-Friedrichs-Lewy time step criterion (typical time steps are of the order 10 −7 s) the evolution of the merger remnant can never be calculated hydrodynamically up to the interesting time scales of hours. We therefore adopt the following simple analytical model. The SPH-particles that are launched into eccentric orbits, but are still bound to the remnant, are treated as test masses in the gravitational field of the enclosed mass, M , i.e. it is assumed that hydrodynamic pressure forces can be neglected and the dynamics of each particle can be approximated as a point mass two-body problem. For each of these particles the angular momentum, Ji, and their energy, Ei, can be determined. Together with the particle mass mi ≪ M these two quantities yield the orbital eccentricity
(1)
The semi-major axis
then provides the maximum and the minimum distance of the particle orbit from the origin
The time until a particle reaches a given radius R dis can be calculated by integrating the radial equation
where V is the potential energy and the positive (negative) sign refers to the motion away from (towards) the origin. The time that elapses while a particle moves from a radius r1 to a radius r2 can be written as
where the constants A = 
where D = 4AC − B 2 . The time that elapses from a particle's present radius, ri, until its energy is dissipated at a radius R dis is then given by the contributions with the appropriate signs: For the radius, where the fallback energy is dissipated, R dis , we take in the double neutron star case the disk radius at the end of the numerical simulation. This is conservative in the sense that the disk will shrink, see below, and therefore the assumption of a radius fixed at R dis yields shorter timescales and lower accretion luminosities. For the black hole cases, I choose R dis = 10GM/c 2 , so just outside the innermost stable circular orbit of a non-rotating (Schwarzschild-) black hole at RISCO = 6GM/c 2 . The details of the fallback times and energies change slightly with R dis , but none of the conclusions of this paper depends on the exact numerical value of R dis .
As an illustration, I show in Fig. 2 a set of fallback trajectories. The initial conditions were taken from the double neutron star merger calculation with 1.1 and 1.6 M⊙ that is shown in Fig. 2 . 200 randomly chosen trajectories out of the more than 5800 fallback particles are plotted. There is a broad distribution of eccentricities and fallback times, while some particles return from their initial position directly towards the central object, others follow highly eccentricity orbits out to distances of many 10 000 km before they come to a halt and fall back towards the centre. Fig. 3 shows the accretion luminosities, Lacc = dE fb /dt, derived for the various DNS and NSBH systems. Here, E fb denotes the difference between the potential plus kinetic energy at the start radius, ri, and the potential energy at the dissipation radius, R dis . The curves have been obtained by binning the energies contained in the fallback material, E fb , according to the corresponding fallback times, τi, see eq. (7). A fraction ǫ of this energy is channeled into X-rays, LX = ǫLacc. The double neutron star cases form a rather homogeneous class with respect to their fallback accretion, in all cases the fallback material is approximately 0.03 M⊙, see Tab. 1. After an initial, short-lived plateau the luminosity falls off with time close to the expected 5/3-power law (Rees 1988; Phinney 1989) . It has to be pointed out that the last point in these curves is determined by the numerical mass resolution in the hydrodynamics simulations and should therefore be interpreted with some caution. All other points should be a fair representation of the overall fallback activity. Typically, the X-ray luminosity about one hour after the coalescence is LX ∼ ǫ 0.1 · 10 44 erg/s. For the investigated mass range the spread in the luminosities one hour after the coalescence is about one order of magnitude. The neutron star black hole cases show a larger diversity. The mass in the fallback material of different mass ratios varies by about a factor of 500, see Tab. 1, an hour after the merger the accretion luminosities of the different NSBH systems differ by about two orders of magnitude. Also the involved time scales change strongly with the binary mass ratio. For example, the 1.4 and 4 M⊙ NSBH case does not produce much eccentric fallback material. Accretion, at least to the resolvable level, is over in ∼ 0.2 s. This accretion period may produce a short GRB, but probably not much X-ray activity. The 1.4 and 18 M⊙ NSBH system is at the other extreme: its peak luminosity is lower by three orders orders of magnitude but extends (at a resolvable level) up to about one hour. The mass ratios inbetween could possibly produce a (weak) GRB and extended X-ray activity up to about one day after the burst.
FALLBACK ACCRETION

SUMMARY
A simple analytical model was presented and used to derive the fallback time scales and accretion luminosities in the aftermath of a compact binary merger. The initial conditions are taken from a large set of 3D hydrodynamical simulations. The main assumption of this model is that the fallback material is ballistic, i.e. that hydrodynamical pressure forces can be neglected. For most of the individual trajectories this is plausible, and, therefore, the fallback time scales can be considered valid estimates. It may only break down close to the centre of the remnant, but this will only cause minor corrections to the fallback time scale and luminosity estimates. For the range of mass ratios (1.1 to 1.6 M⊙) that I have considered, double neutron star systems show a rather homogeneous fallback behaviour. At an hour after the coalescence their X-ray luminosity is still ∼ 10 44 (ǫ/0.1) erg/s. Neutron star black hole mergers provide a larger spread in their fallback behaviour. An hour after the tidal disruption of the neutron star their range in fallback luminosities is about two orders of magnitudes. Some mass ratios could produce a GRB, but not much X-ray activity, others may produce X-ray flaring only but no GRB, and yet other systems can produce both. Since this simple approach does not account for self-gravity and gas pressures, it will tend to produce too smooth results. The shown luminosity curves should therefore be interpreted as temporal averages. The original accretion disks, such as the one seen in Fig. 1 , are consumed on a viscous time scale of
where α is the Shakura-Sunyaev viscosity parameter (Shakura & Sunyaev 1973) , R the disk radius, ΩK the Kepler frequency and Mc.o. is the mass of the central object. The outer parts of this disk will be constantly fed by fallback material so that a low mass remnant disk is maintained until late times. The observed X-ray activity is expected to be produced by this disk and its interaction with the high-eccentricity fallback material. Large-scale amplitude variations in the lightcurves ("flares") can plausibly occur if the fallback material becomes subject to self-gravitational instabilities. Such a gravitational fragmentation is common in the outer regions of the accretion disks of AGNs (Shlosman et al. 1990 ) and young stellar objects (Adams & Lin 1993) . Perna et al. (2006) suggest that such a fragmentation in the outskirts of an accretion disk could be the common mechanism behind the flaring observed in both long and short bursts. They note, however, that it may be difficult to reach the suitable conditions in the case of a compact binary merger. For the eccentric fallback material, however, it is easier to undergo gravitational fragmentation into one or several bound objects. Whether a lump of gas is prone to this instability depends on the ratio of the cooling time, τ cool , and the local dynamical time, τ dyn . If we take as a guide the condition derived by Gammie (2001) for the case of a thin accretion disk, the instability condition reads τ cool 3τ dyn . When such fragments of mass m f and radius R f fall back towards the centre they become tidally disrupted at a distance R tid = (Mc.o./m f ) 1/3 · R f , or, if the remnant disk radius is larger than R tid , they will impact with nearly free-fall velocity on that disk. In both cases they will trigger violent X-ray flaring activity. In this picture the GRB is produced by the massive accretion disk that can form early on in the merger. The GRB duration is determined by the viscous time scale on which this disk is consumed. The late-time X-ray flaring activity, in contrast, is plausibly caused by the fallback of a smaller amount, about a tenth of the disk mass, of high-eccentricity material. The fallback time scales are set by the distribution of eccentricities in this material, which is a result of the torques that acted during the merger process.
